Abstract-The total density of states in rectangular AlGaAs/GaAs quantum wells are calculated numerically summing in the two-dimensional Brillouin zone. The quasi-two-dimensional energy bands are observed for typical wells and the integrated spectral strengths are presented. The conditions for the formation of quantum wells for all electron K-vectors are discussed.
INTRODUCTION
The applications of the quantum wells are based mainly on the optical transitions around the high symmetry points in the two-dimensional Brillouin zone [1] . By this reason the electronic structure of the quantum wells has been studied extensively only in these points [2] . But all macroscopic properties of any condensed matter system depend on the integrated (total) density of states [3] . The experimental methods photoemission and inverse photoemission measure directly the total density of states of the occupied and non-occupied electronic states respectively in atoms, molecules, crystals and nanostructures [4] . There is few experimental and theoretical information about the total density of states in quantum wells [1, 2] . In the present work we have conducted numerical calculations of this quantity in typical rectangular quantum wells. The method of the special points was applied summing in 10, 36, 136, 528 and 2080 points of the two-dimensional Brillouin zone [5] . We have studied the specific properties of the electronic spectrum in these quasi-two-dimensional systems within the framework of the semi-empirical tight-binding model and the Green function formalism [6] .
MODEL AND METHOD
The semi-empirical tight-binding model was applied within the framework of the Surface Green Function Matching (SGFM) method [6] . Nearest neighbor interactions and sp 3 s * atomic base including spin were taken into account. The (001) crystal growth direction was considered and the integration over the two-dimensional Brillouin zone was made in 10, 36, 136, 528 and 2080 special points. The bulk material Al(x)Ga(1 − x)As was treated in the virtual crystal approximation and the Al barrier concentration was x = 0.35. The well width has been varied between 10 and 50 monolayers. The small imaginary energy part was taken to be 0.01 eV or 0.001 eV depending on the special points number. To determine the confinement conditions we calculated the total (integrated) density of states for the homogeneous bulk materials GaAs and AlGaAs. A quantum well for all electron K-vectors appears with a barrier height of 150 meV. (See Figs. 1(a), 1(b) ).
We can see in the Fig. 1 that the AlGaAs conduction band starts at energy 150 meV higher than the GaAs conduction band. This means that the electrons will be confined for all energies in the energy interval between the band edges and for all K-vectors, if a finite GaAs slab is sandwiched between AlGaAs barriers.
RESULTS AND DISCUSSION
In Fig. 2(a) the total density of states in the energy interval of the confinement is presented for a quantum well of 15 monolayers. Monolayer Number , ML Spectral Str ength, a. u. The integration is conducted summing in 2080 special points of the Brillouin zone. There are two sub-bands of the same height with step-like behavior. It indicates that for all K-points there are no more than two bound states. The spatial distributions of the first and second sub-band are shown in Figs. 2(b), (c) . The spectral strengths are localized in the well region. The features in Figs. 2(a), (b) , (c) correspond to the basic properties of the rectangular quantum wells of infinite barriers [2] . There are contributions from the bulk density of states and the curves in Fig. 2 are not completely as in the ideal case. Fig. 3 presents similar results for the density of states in wells of 11 and 21 monolayers when only one bound states exists for all K-points.
The zero of the energy is fixed at the top of the AlAs valence band in Gamma point. 
CONCLUSIONS
We have studied the problem of the electron confinement in rectangular quantum wells formed from the INTEGRATED density of states of the bulk materials GaAs and AlGaAs. We have found energetic intervals where the density of states has two-dimensional properties. The integrated spectral strengths for these energies are localized in the well region.
